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[57] ABSTRACT 
A dual-tone multi-frequency (DTMF) tone generator 

AUTO ZEFO 

circuit (10) produces selected frequency row and col 
umn tones which are combined to generate a DTMF 
signal. Key board scan circuits (42, 44) scan a conven 
tional push-button telephone key board to produce row 
and column input signals. Row and column fundamen 
tal rate signals are generated by fundamental counters 
(48,76) from a reference signal derived from an external 
crystal (12). Row and column integration rate signals 
are generated by integrator counters (50,78) also de 
rived from the reference signal. Specialized row and 
column clock control signals (SLOPE RATE, SLOPE 
SIGN, AUTO ZERO) are produced by clock genera 
tors (58,82). Row and column integrators (64,92) inte 
grate reference signals to produce discrete voltage steps 
at the rate of the row and column integration rate sig 
nals to produce row and column signals made up of a 
plurality of segments for each cycle of the signal. Each 
signal segment comprises a plurality of similar voltage 
steps having amplitude and polarity determined by the 
specialized row and column clock signals (SLOPE 
RATE, SLOPE SIGN). The row and column signals 
are combined in a summer (68) to produce the DTMF 
signal. 

4 Claims, 15 Drawing Figures 
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OFFSET VOLTAGE COMPENSATION CIRCUIT 

This is a division of application Ser. No. 265,983, ?led 
June 30, 1980, now U.S. Pat. No. 4,390,754. 

TECHNICAL FIELD 

The present invention pertains generally to tone gen 
erator circuits and more particularly to a circuit for 
synthesizing a sinusoidal signal by'the use of multiple 
amplitude and polarity integration steps. 

BACKGROUND ART 

In recent years push-button telephones have come 
into widespread use. Such telephones operate by gener 
ating a selected pair of tones for each key. Thus a tone 
generator must be provided within the telephone for 
generating each of the fundamental tones. Heretofore 
the most widely used approach in generating the tones 
has been‘to use LC circuits together with discrete tran 
sistors. But this is an expensive approach for generating 
the eight tones required in a push-button telephone. 

It has been proposed to utilize integrated circuits for 
generating the dial tones and such circuits have been 
marketed. The standards for tone generators are laid out 
for the Bell system in Bell Publication 47001 entitled 
“Electrical Characteristics of Bell System’s Network 
Facilities at the Interface with Voiceband, Ancillary 
and Data Equipment.” The Rural Electrification Ad 
ministration (REA) standards are given in publication 
345-74 and the Electronic Industry Association (EIA) 
standards are in the EIA publication SP 1286. In addi 
tion to meeting these speci?cations, customer require 
ments frequently require that tone circuits work at volt 
ages as low as 2 volts. This requirement is a problem 
due to the threshold voltages of MOS (metal oxide 
semiconductor) transistors. 
A further problem is presented by telephone speci? 

cations, especially European, in regard to total har 
monic distortion. The techniques for generating tones 
using MOS technology have heretofore utilized a rela 
tively small number of step voltages for each cycle of 
the sine wave. When a tone signal is generated in this 
manner there is substantial harmonic distortion at rela 
tively low frequencies andthis distortion frequently 
exceeds European speci?cation, limits. Further, it is 
substantially more dif?cult to farbricate on-chip ?lters 
for low frequencies rather than high frequencies. 

Therefore, there exists a need for a design of a circuit 
for fabrication in MOS technology which can produce 
the tone signals required in a DTMF (dual-tone-multi 
frequency) telephone system in which the integrated 
circuit can successfully work at a voltage as low as 2.0 
volts and at the same time generate no more distortion 
within the frequency limits allowed under the various 
telephone system standards and customer requirements. 

DISCLOSURE OF THE INVENTION 

The present invention comprises a circuit for fabrica 
tion in MOS technology for the generation of tone 
signals in a DTMF system. A key board scan circuit is 
provided for the row and columns of a telephone key 
board to monitor which of the rows and columns have 
been activated. A fundamental oscillator for each of the 
row and column key board scan circuits is provided to 
generate the fundamental frequencies of the selected 
row and column keys at a countdown from a reference 
frequency. For each of the fundamental frequencies 
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2 
there is generated in integration frequency rate signal 
which is also derived from the reference frequency. The 
integration rate frequency signals are at substantially 
higher frequencies than the fundamental frequency 
signals to lower the amplitude of sampling distortion 
and place the distortion components at high frequen 
cies. The selected tone signal is generated by integrating 
in steps at the rate of the integration frequency signal. 
The polarity and amplitude of the steps is changed 
under the command of a set of specialized clock signals 
to produce an approximation to a sinusoidal signal at the 
rate of the fundamental frequency corresponding to 
either the row or column key which was activated. The 
integration frequency is at a much higher rate than the 
fundamental frequency such that the synthesized tone 
signal is generated essentially with ramps rather than 
steps. As the result, the tone signal produced with the 
circuit of the present invention has relatively low har 
monic distortion, especially at low frequencies. The 
row and column signals thus produced are summed to 
generate the DTMF signal corresponding to a selected 
key. > . 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now 
made to the following description taken in conjunction 
with the accompanying drawings in which: 
FIG. 1 is a block diagram of the dual-tone-multi-fre 

quency tone generation circuit of the present invention; 
FIG. 2 is a waveform illustrating the tone signal gen 

erated by the circuit illustrated in FIG. 1; 
FIG. 3 is a‘ schematic illustration of the row funda 

mentalcounter illustrated in FIG. 1; . , 
FIG. 3A is a schematic illustration of the matrix inter 

connections shown in FIG. 3; 
FIG. 4 is a schematic illustration of a logic circuit 

utilized in the circuit of FIG. 3; 
FIG. 5 is a schematic illustration of a clock generator 

circuit for producing selected clock signals; 
FIG. 6 is a schematic illustration of a clocked inverter 

as used in the circuit shown in FIG. 5; 
FIG. 7 is an illustration of the waveforms which 

occur in the clocked inverter shown in FIG. 6; 
FIG. 8 is a schematic illustration of the row integra 

tor counter illustrated in FIG. 1; 
FIG. 9 is a schematic illustration of a logic circuit 

which is utilized in the circuit illustrated in FIG. 8; 
FIG. 10 is a schematic illustration of the row funda 

mental clock generator illustrated in FIG. 1; 
FIG. 11 is an illustration of various waveforms which 

are produced in the circuit shown in FIG. 10; 
FIG. 12 is a schematic illustration of a reference volt~ 

age generation circuit for producing the reference volt 
ages used in the circuit of the present invention; 
FIG. 13 is a schematic illustration of the row integra 

tor which is shown in FIG. 1; and 
FIG. 14 is a schematic illustration of the summer 

shown in FIG. 1. 

DETAILED DESCRIPTION 

In the following description like reference numerals 
are used throughout the various views to represent like 
elements. 
A block diagram of a dual-tone-multi-frequency 

(DTMF) signal generator of the present invention is 
illustrated in FIG. 1. An external crystal 12 is connected 
to circuit 10 through terminals 14 and 16 to circuit 10. A 
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transistor 17 has the drain and source terminals thereof 
connected between terminals 14 and 16 and the gate 
terminal connected to receive a signal OD. Transistor 
17 functions as a load resistor. Capacitors 18 and 20 are 
respectively connected between terminals 14 and 16 and 
the power supply V+. Teminal 14 is connected to the 
input ofa node 24. A reference frequency signal‘rs trans 
mitted from node 24 to a divide-by-four circuit 26 
which produces a clock signal ¢A at terminal 28. The 
¢A signal is transmitted .to the input of a divide-by-two 
circuit 30 which produces a clock signal ¢B at terminal 
32. The 42B signal is transmitted to a divide-by-two 
circuit 34 which produces a clock signal ¢C at terminal 
36. ‘ 

A telephone style key pad (not shown) provides con 
nections between a set of row terminals R1, R2, R3 and 
R4 and a set of column terminals C1, C1, C3 and C4. 
Upon depressing an individual key in the key pad one of 
the row terminals is connected to one of the column 
terminals. 
The row terminals R1—R4 are connected to a key 

board scan circuit 42 which operates in conjunction 
with a keyboard scan circuit 44 which is connected to 

4 the colmn terminals C1-C4. 
The keyboard scan circuit 42 produces a unique com 

bination of signals which identi?es the particular .row 
terminal which has been selected by operation of the 
keyboard. The signals decoded from the keyboard oper 
ation are transmitted as input signals through a data 
path 46 to a row fundamental counter 48 and to a row 
integrator counter 50. 

In response to the signals received from the keyboard 
scan circuit 42 and to the clock signal ¢B, the row 
fundamental counter 48 produces a pulse signal which is 
at the frequency corresponding to the selected row 
terminal. The fundamental frequency signal is transmit 
ted through line 52. A key board scan signal is transmit 
ted from counter 48 through a line 53 to the key board 
scan circuits 42 and 44. 
The row integrator counter 50 produces an integra 

tion frequency rate signal in response to the combina 
tion of signals received through path 46 from the key 
board scan circuit 42 }and the clock signal ¢A. The 
integration frequency signal is transmitted through a 
line 54 to a row integrator clock generator circuit 56. 
The fundamental frequency pulse signal on line 52 is 

transmitted to a row fundamental clock generator 58 
which produces a plurality of specialized clock signals. 
Various ones of the specialized clock signals are trans 
mitted to the row integrator clock generator 56 through 
a data path 60 and through a data path 62 to a row 
integrator 64. The row integrator clock generator 56 
provides clock signals through lines 66 and 68 to the 
row integrator 64. 
The row integrator 64 utilizes the various signals 

which it receives to produce a tone signal which has 
approximately a sinusoidal shape and is at a frequency 
corresponding to the selected row terminal. The tone 
signal is generated at a node 66 and is transmitted to a 
summer 68. The column portion of the circuit 10 func 
tions in exactly the same manner as the row portion 
described above to generate a tone signal corresponding 
to the selected column terminal. Briefly the keyboard 
scan circuit 44 decodes the selected column terminals to 
send a combination of input signals through a data path 
74 to a column fundamental counter 76 and to a column 
integrator counter 78. The column fundamental counter 
76 produces a fundamental frequency pulse signal on a 
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4 
line 80 which is in turn connected to a colum fundamen 
tal clock generator 82. The column integrator counter 
78 produces an integrator frequency rate signal that is 
transmitted through line 84 to a column integrator clock 
generator 86. The column fundamental clock generator 
82 produces a plurality of specialized clock signals 
which are provided to the column integrator clock 
generator 86 through a line 88 and through a data path 
90 to a column integrator 92. The column integrator 
clock generator 86 produces a group of clock signals 
which are transmitted through lines 94 and 96 to the 
column integrator 92. The column integrator 92 pro 
duces a tone signal corresponding to the selected col 
umn terminal and transmits the tone signal thus pro 
duced through a line 98 to the summer 68. 
The keyboard scan circuits 42 and 44 decode the 

selected key and generate input signals for other ele 
ments of circuit 10. These input signals contain row and 
column components and determine the frequencies for 
the row and column signals to be produced for a given 
DTMF signal. 
Both the row tone signal and the column tone signals 

are provided to the summer 68 to produce a DTMF 
tone signal which is transmitted through a NPN transis 
tor 100 to an output terminal 102. 
The row terminal signal produced by the row inte 

grator 12 in FIG. 1 is illustrated in FIG. 2. Each cycle 
of the tone signal is produced as a plurality of incremen 
tal integration steps. Each cycle of the tone signal com 
prises eight separate segments 112-126. Each of the 
segments has the same time period as indicated by the 
reference numerals 128a-I28h. The integration is car 
ried out in a plurality of steps 130 in which the integra 
tion steps occur at the rate of the integration frequency 
rate signal produced by the row integrator counter 50. 
The total of the time periods 128a-I28h corresponds to 
the period of the fundamental frequency signal pro 
duced by the row fundamental counter 48. 
Segment 112 of the tone signal is integrated from 

point 132 at the zero axis to point 134 in a series of 
integration increments each having a ?rst amplitude. 
The segment 114 is integrated from point 134 to point 
136 in a series of integration steps each having a second 
amplitude. The second amplitude integration steps are 
of a lesser magnitude than the ?rst amplitude integra 
tion steps. The segments 112 and 114 are incremented to 
have a positive slope. 
The segment 116 extends from point 136 to point 138 

with a negative slope. Each of the increment steps in 
segment 116 has said second amplitude but with nega 
tive polarity. The segment 118 extends from point 138 
to point 140 with negative incremental steps at the ?rst 
amplitude corresponding to the steps in segment 112. 

Segment 120 extends from point 140 to point 142 and 
has the polarity and amplitude of incremental steps as 
for segment 118. 
The segment 122 extends from point 142 to point 144 

with negative incremental steps at said second ampli 
tude for each step. 
The segment 124 extends from point 144 to point 146 

with the second amplitude of incremental steps taken 
positively. 
The segment 126 extends from point 146 to point 148 

with positive incremental steps having the said first 
incremental amplitude as used in segment 112. 

Heretofore, DTMF tone signals have been produced 
through the use of a small number of discrete steps in 
which there is no amplitude change during each step. 
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Such a tone signal has been producing using 32 steps per 
cycle. However, a tone signal produced in such a man 
nersuffers in having a high level of sampling distortion 
at relatively low frequencies. This level of distortion 
prevents the use of such a tone signal in many DTMF 
applications which have relatively strict distortion re 
quirements regarding the frequency of the distortion. 
The tone signal generated by the circuit of the presen 
tinvention has substantially less distortion at low fre 
quencies than a 32 element step tone signal even though 
the tone signal of the present invention has only eight 
basic segments. Thus the circuit of the present invention 
can be used in a great many more DTMF applications 
than previous DTMF circuits which have produced 
tone signals with discrete steps. ‘ 
The distortion components for previous systems are 

described mathematically as follows. With the number 
of piecewise constant steps de?ned as N, the fundamen 
tal frequency as f,, and the sampled component distor 
tion as fd, the relationship is: ' ' 

f1=(Ni1)/L 

.. The amplitude (fd) of the sampling component fd is: 

f1=l/(nNil)whe1-e n= 1,2, . . . 

For a 32 step piecewise constant system: 

fd=(32i-l)/,, (6411);}, etc. 

|?,|=1/(32:1), l/(64i1), etc. 

If, for example, f,,=700 HZ; 
fd=2l.700. 44,l00, etc. 

Thus, there _ is substantial distortion (app. —30db) 
with respect to the fundamental frequency at about 30 
times the fundamental. 
For the circuit of the present invention the distortion 

components occur at a frequency: 

fd=fo(nNtl) where n: l,2. . . . 

The amplitudes of the distortion components are: 

|fd[ =1(N,|¢1y0[ =l/(Nnil)2 where n=l,2, . .. 

The integration steps of the present invention intro 
duce sampling component distortion fsd. These are the 
small steps shown in FIG. 2 and the distortion is de 
scribed by: 

fid=[(X")i1]/.O 

ifsd|=1/[(x")il] 

Where x is the number of steps in one period and 

nzlri’i’fypical application of the system of the present 
invention, there are 8 piecewise linear ramps (N) which 
produce distortion fd; 

fd=7f0, 9f(), 1%, 1710, etc. 

f1=1/72, 1/91, 1/152, 1/17Z, etc. 

From the above it can be seen that the piecewise 
linear distortion components are inversely proportional 
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6 
to the square the frequency of the component, thus this 
distortion is of less amplitude than a pure piecewise 
linear signal. _ ' 

For the sampling distortion, fsd, in a typical system of 
the present invention having 100 steps per period, and a 
1 KHZ fundamental frequency the parameters are: 

fId=99KHZ, IOIKHZ, I99KHZ, etc. 

|f,d] =1/99, 1/101, 1/199, etc. 

Thus it can be seen that the sampling distortion fsd 
occurs at relatively high frequencies, much higher than 
the fundamental frequencies. These low amplitude, high 
frequency sampling components can easily'be ?ltered 
with an on-chip circuit such as a continuous time ?lter. 
The keyboard scan circuit 42 shown in FIG. 1 is a 

commonly used circuit in the industry and has previ 
ously been implemented in Mostek Integrated Pulse 
Dialer, Part No. MK5098. 
The row fundamental counter 48 invcircuit 10 is illus 

trated in detail in FIGS. 3 and 4. Referring to FIG. 3, 
the circuit 48 receives as inputs row selection signals 
RS1-RS4 which are the signals produced by the key 
board scan circuit 42. The circuit 48 further receives an 
oscillator enable (OE) signal and‘the ¢B clock signal 
together with its complement. The circuit 48 produces 
one of a plurality of fundamental frequency signals in 
response to the selection of one of the row terminals 
R1-R4. The fundamental frequency signal produced at 
line 52 is inhibited by operation of an INHIBIT signal 
received‘at terminal 156. 
The circuit 48 includes a connection matrix shown 

generally as 158 which connects each of the various 
inputs to a group of logic circuits 160-172. The circuits 
160-172 are identical and a detailed schematic of. .the 
logic circuit is illustrated in FIG. 4. Each of the circles 
159 represents a P channel transistor as shown in FIG. 
3A. , 

The row lines of matrix 158 are connected to the 
input terminals of a NAND gate 174 which has the 
output thereof transmitted through a line 176 to an 
exclusive OR gate 178. The output of NAND gate 174 
is further transmitted as one input to a NAND gate 180 
which produces the pulse fundamental frequency signal 
at the output line 52 thereof. 
The column lines 182 and 184 of matrix 158 are con 

nected to the input terminals of an exclusive OR gate 
186 which has the output thereof connected to a ?rst 
input of exclusive OR gate 178. The second input of OR 
gate 178 is connected to line 176 which is the output of 
NAND gate 174. The output of gate 178 is connected to 
the D terminal of logic circuit 160. The Q output of 
each logic circuit 160-172 is connected to the D input of 
the next logic circuit on the immediate right hand side 
thereof. In response to the selection of one of the row 
terminals, the circuit 48 produces a pulse signal at one of 
the four rates which are shown in Table 1. 

Referring to FIG. 3A reference numeral 159 repre 
sents P channel transistors each of which has the drain 
terminal connected to V+, the source terminal con 
nected to the drain terminal of an N channel transistor 
187 and the gate terminal connected to one of the out- ' 
puts of circuits 160-172. Transistor 187 has the source 
terminal connected to ground and the gate terminal 
connected to receive one of the inputs OE or RS1—RS4. 
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The schematic circuit for each of the logic circuits 
1604172 is illustrated in FIG. 4. The D terminal is con 
nected to P and N type transistors 192 and 194 which 
respectiv_e_ly have the gate terminals thereof connected 
to the CK and the CK terminals. Transistors 192 and 
194 are further connected to a node 196 which is in turn 
connected to the gate terminals of a P type transistor 
198 and an N type transistor 200. Transistor 198 has the 
drain terminal connected to V+ while transistor 200 is 
connected to ground. 
A P type transistor 202 is connected between transis 

tor 198 and a node 204 and an .N type transistor 206 is 
connected between node 204 and transistor 200. The 
transistors 202 and 204 have the gate terminal thereof 
connected respectively to the CK and CK terminals. 
The Q terminals of the logic circuits are connected to 

node 204 which is also connected to the source terminal 
of a transistor 208 which has the drain terminal thereof 
conn_ected to V+ and the gate terminal connected to 
the R temiinal. Node 204 is further connected to the 
gate terminals of transistors 210 and 212 which are P 
and N types respectively. Transistor 210 has the drain 
terminal thereof connected to V+ and the source termi 
nal thereof connected to a node 214 which is connected 
to the Q terminal. The drain terminal of transistor 212 is 
connected to node 214 and the source terminal thereof 
isconnected to ground. 

TABLE 1 
TONE OUTPUT 

USING INTEGRATION 
STANDARD 3.579545 FREQUENCIES 
DTMF (Hz) MHz CRYSTAL (Hz) 

ROW f| 697 699.1 81,353 
i'; 770 766.2 89.489 
f3 852 847.4 99.432 
1'4 941 948.0 111.861 

COL- f5 1209 1215.9 81,353 
UMN f6 1336 1331.7 89,489 

. f7 1477 1471.9 99,432 
f3 1633 1645.0 111,861 

The column fundamental counter 76shown in FIG. 1 
is basically the same as the row fundamental counter 48 
with the exception that it receives column rather than 
row signals anddivides by different numbers to produce 
the desired outputs. 
The clock signals 4m, 4m and 4m are generated by the 

circuits shown in FIG. 1 which are connected to re 
ceive the reference signal derived from the external 
crystal 12. The clock generator circuit which produces 
these clock signals is illustrated in FIG. 5. An oscillator 
disable (OD) signal is provided through a line 220 to the 
gate terminal of a P type transistor 222 and the gate 
terminal of an N type transistor 224. The OD signal is 
further provided to the input terminal of an inverter 226 
which produces an oscillator enable (OE) signal. 
The reference frequency signal is transmitted 

through node 24 and through inverters 228 and 230 to a 
node 232. The reference frequency signal is then trans 
mitted through a series of three inverters 234, 236 and 
238 to produce a CK signal at node 240. The reference 
signal is further transmitted from node 23_2_t_hrough a 
pair of inverters 242 and 244 to produce a CK signal at 
node 246. 
The reference frequency signal is biased by operation 

of a circuit which includes a bipolar transistor 250 
which has the collector terminal thereof connected to 
V+ and the emitter terminal thereof connected 
through series resistors 252 and 254 to ground. The base 
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8 
terminal of transistor 250 is connected through a resis 
tor 255 to the source terminal of a P type transistor 256 
which has the drain terminal thereof connected to V+ 
and the gate terminal thereof connected to line 220. The 
base terminal of transistor 250 is further connected 
through a resistor 258 to the drain terminal of an N type 
transistor 260 which has the source terminal thereof 
grounded and the gate terminal thereof connected to 
the junction of resistors 252 and 254. 
The OD signal is further connected to the gate termi 

nals of P type transistors 262 and 264 which have the 
drain terminals thereof connected to V+. The source 
terminal of transistor 262 is connected to the input of an 
inverter 266 which receives the CK and 6(- signals 
generated at nodes-240 and 246 respectively. The output 
of inverter 266 is connected to the input of an inverter 
268 which likewise receives the CK and CK signals. 
The output of inverter 268 is connect?i to an inverter 
270 which also receives the CK and CK signals. 
The output of inverter 270 is connected to the gate 

terminal of a P type transistor 272 which has the drain 
terminal thereof connected to V+ and the source termi 
nal thereof connected to a clocked inverter 274. The 
source terminal of transistor 272 is further connected to 
an N-type transistor 276 which has the source terminal 
thereof grounded and the gate terminal thereof con 
nected to the drain terminal of transistor 260. The drain 
terminal of transistor 276 is connected to the drain ter 
minal of transistor 272. Inverters 266-270 are clocked 
inverters and a detailed schematic of the clocked invert 
ers is given in FIG. 6. 
The output of clocked inverter 274 is connected to 

the input of clocked inverter 266. 
The output of clocked inverter 274 is connected 

through inverters 276, 278 and 280 which has the output 
thereof connected to line 28. The ¢A clock signal is 
generated at the output of inverter 280. __ 
The ¢A clock signal is further provided to the CK 

terminal of a ?ip-?op 282. The ¢A is further transmitted 
through an inverter 284 to the CK terminal of ?ip-?op 
282. The Q output of ?ip-?op 282 is connected as a ?rst 
input to a NAND gate 286 which has the output thereof 
connected to an inverter 288. The output of inverter 288 
is connected to line 32 which transmits the ¢B signal. 
The Q output of flip-?op 282 is further clannected to 

the CK terminal of a ?ip-?op The Q output of 
?ip-flop 282 is connected to the CK terminal of ?ip-?op 
290. The Q terminal of ?ip-?op 290 is connected to a 
?rst input of a NAND gate 292 which receives the OE 
signal as a second input. The OE signal is further pro 
vided as a second input to the NAND gate 236. 
The output of NAND gate 292 is transmitted through 

an inverter 294 which produces the (11C signal at line 36. 
The external crystal 12 is preferably a televison color 

burst crystal which operates at a frequency of 3.579545 
Hz. When the reference frequency signal is at this fre 
quency the clock signal ¢A is at a frequency of 894,886 
Hz, the clocksignalcbB is at a frequency of 447,443 Hz 
and the clock signal ¢C is' at a frequency of 223,721 Hz. 
A schematic illustration of the clocked inverters 266, 

268, 270 and 274 is illustrated in FIG. 6. The input to the 
inverter is connected to the gate terminal of a P type 
transistor 298 and the gate terminal of an N type transis 
tor 300. The transistor 298 is connected to V+ and the 
transistor 300 is connected to ground. The CK clock 
signal is provided to the gate terminal of a P type tran 
sistor 302 which is connected between transistor 298 
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and a node 304. The ‘C? terminal is connected to the 
gate terminal of an N type transistor 306 which is con 
nected between node 304 and transistor 300. A parasitic 
capacitor 308 is shown between node 304 and ground. 
Node 304 is the output of the clocked inverter. The 
clocked inverter illustrated in FIG. 6 successfully func 
tions at the high frequency of the reference signal while 
being supplied with a power voltage as low as 2.5 volts. 
The waveforms which appears in the clocked in 

verter illustrated in FIG. 6 are shown in FIG. 7. The 
CK signal is shown as waveform 310, the ?C signal as 
waveform 312, a typical input as waveform 314 and the 
output resulting from input 314 is shown as waveform 
316. The clocked inverter shown in FIG. 6 functions 
essentially as a conventional D-latch, but is capable of 
continuing to function at extremely low supply volt 
ages. 
The row integrator counter 50 illustrated in FIG. 1 is 

shown in detailed schematic illustration in FIG. 8. The 
output enable signal (OE) is provided to the gate termi 
nal of an N type transistor 330 which has the source 
terminal thereof connected to ground and the drain 
terminal thereof connected to a node 332. The row 
selection signal RS1, RS3 and RS4 are supplied respec 
tively to the inputs of inverters 334, 336 and 338. 
The output of inverter 334 is connected to the gate 

terminal of a P type transistor 340 which has the drain 
terminal thereof connected to a node 342 and the source 
terminal thereof connected to V+ through node 344. 
The output of inverter 336 is connected to the gate 

terminal of a P type transistor 346 which has the drain 
terminal thereof connected to a node 348 and a source 
terminal thereof connected through node 344 to V+. 
The output of inverter 336 is further connected to the 
gate terminal of a P type transistor 350 which has the 
drain terminal thereof connected to node 342 and the 
source terminal thereof connected to V+. 
The output of inverter 338 is connected to the gate 

terminal of a P type transistor 352 which has the drain 
terminal thereof connected to node 348 and the source 
terminal thereof connected to V+. 
A P type transistor 354 has the drain terminal thereof 

connected to node 332 and the source terminal thereof 
connected to the drain terminal of another P type tran 
sistor 356 which has its source terminal connected to 
node 342. 
A P type transistor 358 has the drain terminal thereof 

connected to node 332 and a source terminal thereof 
connected to the drain terminal of a P type transistor 
360 which has the source terminal thereof connected to 
node 344. 
A P type transistor 362 has the drain terminal thereof 

connected to node 332 and the source terminal thereof 
connected to the drain terminal of a P type transistor 
364 which has the source terminal thereof connected to 
node 344 to receive the voltage V+. 
A P type transistor 366 has the drain terminal thereof 

connected to node 332 and the source terminal thereof 
connected to the drain terminal of a P type transistor 
368 which has the source terminal thereof connected to 
V+. 
A P type transistor 370 has the drain terminal thereof 

connected to node 332 and the source terminal thereof 
connected to the drain terminal of a P type transistor 
372 which has the source terminal thereof connected to 
V+. 
The row integrator counter 50 includes a group of 

four logic circuits 378, 380, 382 and 384 which are struc 
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turally identical and the schematic thereof is illustrated 
in FIG. 9. 

Still referring to FIG. 8 the gate terminals of transis 
tors 358 and 370 are connected to the Q output of logic 
circuit 378. The gate terminals of tr‘ansisto_rs 360, 362 
and a transistor 386 are connected to the Q output of 
logic circuit 380. The source and drain terminals of 
transistor 386 are connected between node 332 and 
node 348. 
The gate terminal of transistor 366 is connected to the 

Q output of logic circuit 382. The gate terminal of tran 
sistor 354 is connected to the Q output of logic circuit 
382. 
The gate termirEls of transistors 356, 364 and 372 are 

connected to the Q output of logic circuit 384 while the 
Q output of this circuit is connected to the gate terminal 
of transistor 368. 
An inverter 390 has the input thereof connected to 

node 332 and the output thereof connected to the D 
input of logic circuits 378. The Q output of circuit 378 
is connected to the D input of circuit 380 which has the 
Q output thereof connected to the D input of circuit 
382. The Q output of circuit 382 is connected to the D 
input of circuit 384. 
An auto zero signal is supplied to the K inputs of the 

logic circuits 378-384. Generation of the F signal is 
described below. 
An N type transistor 392 has the gate terminal con 

nected to receive the OE signal and the source and 
drain terminals thereof connected between ground and 
a node 394. 
A P type transistor 396 has the drain terminal thereof 

connected to node 394, the source terminal thereof 
connected to the drain terminal of a P type transistor 
398 which has the source terminal thereof connected to 
node 344. The gate terminal of transistor 396 is con 
nected to the Q output of logic circuit 380 and _the gate 
terminal of transistor 398 is connected to the Q output 
of logic circuit 382. 
A P type transistor 400 has the drain terminal thereof 

connected to node 394 and the source terminal thereof 
connected to the drain terminal of a P type transistor 
402 which has the source terminal thereof connected to 
node 344. The gate terminal of transistor 402 is con 
nected to the Q output of a logic circuit 384. 
A P type transistor 404 has the drain terminal thereof 

connected to node 394 and the source terminal thereof 
connected to the drain terminal of a P type transistor 
406 which has the source terminal thereof connected to 
node 344 for receiving V+. T_l1e gate terminal of tran 
sistor 404 is connected to the Q output of logic circuit 
378 while the gate terminal of transistor 406 is con 
nected to the Q gtput of logic circuit 382. 
The ¢A and (12A clgcik signals are provided respec 

tively to the CK and CK terminals of the logic circuits 
378-384. 
An inverter 410 has the input terminal thereof con 

nected to node 394 and the output terminal thereof 
connected to a node 412. A P type transistor 414 has the 
gate terminal thereof connected to receive the qbA 
clock signal, the drain terminal thereof connected to 
node 412 and the source terminal thereof connected as 
a ?rst input to a NAND gate 416. An N type transistor 
418 has the drain and source terminals thereof con 
nected between node 412 and the ?rst input to NAND 
gate 416 and_the gate terminal thereof connected to 
receive the <1>A clock signal. The second inut to the 
NAND gate 416 is connected to receive the auto zero 
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signal. The integrator frequency rate signal is generated 
at the output of NAND gate 416 and transmitted 
through line 54. ' 
A schematic diagram of the logic gates 378-384 is 

shown in FIG. 9. A P type transistor 420 has the drain 
and source terminals thereof connected between the D 
terminal and a ?rst input to a NAND gate 422. An N 
type transistor 424 has the drain and source terminals 
thereof connected between the_D terminal and the first 
input to NAND gate 422. The CK terminal is connected 
to the gate of transistor 420 and the CK terminal is 
connected to the gate of transistor 424. The R terminal 
is connected to the second input of NAND gate 422 and 
to the gate terminal of a P type transistor 426. The drain 
terminal of transistor 426 is connected to V+ and the 
source terminal is connected to the Q terminal of the 
logic circuit. A P type transistor 428 has the drain and 
source terminals thereof connected between the output 
of NAND gate 422 and the input to an inverter 430. An 
N type transistor 432 has the drain and source terminals 
thereof connected between the output of NAND gate 
422 and the input of the inverter 430. The gate terminal 
of transistor 428 is connected to the CK ter_m_inal and 
the gate of transistor 432 is connected to the CK termi 
nal. The Q output is taken at the output of inverter 430 .. 
and the 6 output is taken at the source terminal of tran 
sistor 426. 
The column integrator counter 78 shown in FIG. 1 is 

essentially the same as the row integrator counter 50 
described in FIGS. 8 and 9, but receives column inputs 
in place of the row inputs described for counter 50 and 
produces column integration frequency signals. 
The row fundamental clock generator 56 is shown is 

a detailed schematic illustration in FIG. 10. The (#8 
clock signal is transmitted through a series of inverters 
440 and 442 to a node 444. 
Node 444 is connected to the gate terminal of a P type 

transistor 446 which has the drain and source terminals 
thereof connected between the output of an inverter 448 
and the input of an inverter 450. An N type transistor 
452 has the drain and source terminals thereof con 
nected in parallel with the drain and source terminals of 
transistor 446 and the gate terminal thereof connected 
to the output of an inverter 454 which has the input 
thereof connected to node 444. 
An N type transistor 456 has the gate terminal thereof 

connected to node 444 and the drain and source termi 
nals thereof connected_between a node 458 and the 
input to inverter 448. A P type transistor 460 has the 
drain and source terminals thereof connected between 
node 458 and the input to inverter 448 and the gate 
terminal thereof connected to the output of inverter 
454. 
A NOR gate 464 has a ?rst input thereof connected to 

‘the output of inverter 450 and the second input thereof 
connected to terminal 458. 
A NOR gate 466 has a first input connected to the 

output of OR gate 464 and a second input connected to 
receive the INHIBIT signal. The output of NOR gate 
466 is transmitted through an inverter 468 to generate 
the AUTO ZERO signal. 
The fundamental frequency signal generated by the 

row fundamental counter 48 is provided to each of the 
CK inputs of D type ?ip-?ops 470, 472 and 474. The 
fundamental frequency signal is further transmitted 
through an inverter 476 and__t_l_1e inverted signal thus 
produced is provided to the CK input of flip-flops 470, 
472 and 474. The Q output of flip-?op 470 is connected 
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to the D input of ?ip-flop 472 and the Q output of ?ip 
flop 472 is connected to the input of an inverter 480. A 
slope rate signal is taken at the Q output of ?ip-?op 472. 
The output of inverter 480 is supplied to the D terminal 
of flip-flop 470 and to the D terminal of flip-?op 474. 
The Q output of ?ip-?op 474 is connected to node 

458 and to the input of an inverter 482 and to the CK 
terminal of a T-type ?ip-?op 484. Inverter 482 transmits 
the output thereof to the & input of ?ip-?op 484. A 
SLOPE SIGN signal is taken at the Q output of flip-?op 
484. 
The row fundamental clock generator circuit 58 gen 

erates the specialized clock signals including SLOPE 
SIGN, SLOPE RATE and AUTO ZERO each of 
which is illustrated in FIG. 11 in relation to the tone 
signal produced by the row integrator 64. Column fun 
damental clock generator 82 shown in FIG. 1 is struc 
turally similar to the row fundamental clock generator 
58 described above. 

In reference to FIG. 10, ?ip-?ops 470 and 472 to 
gether with inverter 480 perform a divide-by-four func 
tion to produce the SLOPE RATE signal from the 
fundamental frequency signal. Flip-?op 474 delays the 
SLOPE RATE signal by one period of the fundamental 
frequency signal and the delayed signal is transmitted 
through inverter 482 and ?ip-?op 484 to generate the 
SLOPE SIGN signal. The delayed signal from ?ip-flop 
474 is also used to drive a one-shot circuit indicated 
within dotted line 485. The output of the one-shot cir 
cuit, from NOR gate 464 is transmitted through NOR 
gate 466 and inverter 468 to produce the AUTO ZERO 
signal which has the period of the ¢B clock. 
The circuit of the present invention is designed to 

operate at extremely low supply voltages, as low as 2.5 
volts. The circuit requires a number of reference volt 
ages in its operation and such voltages are produced by 
the circuit illustrated in FIG. 12. The reference voltages 
are set to be taken very close to V+ so that when V+ 
drops to a low level, there remains sufficient turn on 
voltage for P channel devices. Referring now to FIG. 
12, V+ i's'supplied to the base terminal of an NPN 
transistor 490 which also has the collector terminals 
connected to V+. The emitter terminal of transistor 
490 is connected to a V5 reference terminal. Since both 
the base and collector terminals of transistor 490 are 
connected to V+ the transistor 490 functions essen 
tially as a diode and provides a one diode pn drop of 
approximately 0.6 volts between V+ and V6. A series 

. of resistors 492, 494, 495 and 496 are connected between 
V+ and reference terminal V5. A reference terminal 
VA is taken at the junction of resistor 492 and 494, a 
reference terminal VB is taken at the junction of resis 
tors 494 and 495 and a reference terminal V6 is taken at 
the junction of resistors 495 and 496. A resistor 498 is 
connected between terminal V1; and ground. 

Since the transistor 490 provides approximately a 0.6 
volt drop between V+ and V E, the voltage differentials 
between V4, V3 and V(; will be equal since resistors 494 
and 495 have essentially the same impedance. For exam 
ple when V+ is 2.5 volts, VA will be 2.1 volts, VB will 
be 2.0 volts and V(; will be 1.9 volts. 
The OD (oscillator disable) signal is provided to the 

gate terminal of a P type transistor 500 which has the 
drain terminal thereof connected to V+ and the source 
terminal thereof connected to a node 502. An N type 
transitor 504 has the drain and source terminals thereof 
connected between node 502 and a node 506. The gate 
terminal of transistor 504 is connected to node 502. An 



4,492,927 
13 

N type transistor 508 has the drain and source terminals 
thereof connected between node 506 and ground and 
the gate terminal thereof is connected to node 506. A 
further N type transistor 510 has the gate terminal 
thereof connected to node 502 and the drain and source 
terminal thereof connected between the emitter of tran 
sistor 490 and ground. ' 
The row integrator 64 shown in FIG. 1 is illustrated 

in a detailed schematic diagram in FIG. 13. Integrator 
64 receives the specialized clock signals produced by 
the row fundamental clock generator together with a 
group of clock signals from the row integrator clock 
generator 56 which is also illustrated in FIG. 13. The 
integrator 64 produces the synthesized sinusoidal tone 
signal which is shown in FIG. 2 and in FIG. 11. 

Referring now to FIG. 13, the row integrator clock 
generator 56 receives as inputs the AUTO ZERO signal 
and the INTEGRATOR FREQUENCY RATE signal. 
The AUTO ZERO signal is provided as a ?rst input to 
a NAND gate 520 and the INTEGRATOR FRE 
QUENCY RATE signal is provided as a second input 
to the NAND gate 520. An inverter 522 receives the 
INTEGRATOR FREQUENCY RATE signal and 
supplies the inverted signal thereof as a ?rst input to a 
NAND gate 524. The NAND gate 520 and 524 are 
cross coupled such that the output of NAND gate 520 
supplies the second input to NAND gate 524 and the 
output of NAND gate 524 supplies the third input to 
NAND gate 520. The outputs of NAND gates 520 and 
524 are thus inverse signals. 
The SLOPE SIGN signal is provided as the input to 

an inverter 526 and to the gate terminal of a P type 
transistor 528. The output of inverter 526 is provided to 
the gate terminal of a' P type transistor 530 which has 
the drain terminal thereof connected to reference volt 
age VA and the source terminal thereof connected to a 
node 532. The P type transistor 528 has the drain termi 
nal thereof connected to node 532 and the source termi 
nal thereof connected to reference voltage V5. 
The output of NAND gate 524 is provided to the gate 

terminal of a P type transistor 534 which has the drain 
and source terminals thereof connected between node 
532 and a node 536. The output of NAND gate 520 is 
connected to a P type transistor 538 which has the drain 
and source terminals thereof connected between node 
536 and a node 540 which is connected to the inverting 
input of an operational ampli?er 542. 
The output of NAND gate 524 is further provided to 

the gate terminal of a P type transistor 544 which has 
the drain and source terminals thereof connected to 
node 540 such that transistor 544 functions as a capaci 
tor. 
A feedback capacitor 546 is connected between the 

output terminal of operational ampli?er 542 and the 
inverting input terminal. A P type transistor 548 has the 
drain and source terminals thereof connected between 
the inverting input of operational ampli?er 542 and the 
output terminal thereof. A P type transistor 550 has the 
drain and source terminals thereof connected to the 
input of operational ampli?er 542 such that transistor 
550 functions as a capacitor. The synthesized tone signal 
is produced at the output of a operational ampli?er 542. 
The SLOPE RATE signal produced by the row 

fundamental clock generator 58 is provided to the input 
of an inverter 552 and to the gate terminal of a P type 
transistor 554 which has the drain and source terminals 
thereof connected between node 532 and a node 556. 
The output of inverter 552 is connected to the gate 
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terminal of a P type transistor 558 which has the drain 
terminal thereof connected to node 536 and the source 
terminal thereof connected to node 556. 
A capacitor 560 has the terminals thereof connected 

between node 556 and V+ and a corresponding capaci 
tor 562 has the terminals thereof connected between 
node 536 and V+. Capacitors 560 and 562 determine 
the amplitude of the incremental integration steps. 
The AUTO ZERO signal is provided to the input 

terminals of an inverter 570 and a ?rst input to NAND 
gate 572. The output of inverter 570 is connected to a 
?rst input terminal of a NAND gate 574 which is cross 
coupled with NAND gate 572. The output of NAND 
gate 574 is connected to the second input of NAND 
gate 572 and the output of NAN D gate 572 is connected 
to the second input of NAND gate 574. Thus the output 
signals from the NAND gates 572 and 574 are inverse of 
each other. 
The output of NAND gate 574 is connected to the 

gate terminals of P type transistors 548, 578, and 590. 
The drain and source terminals of transistor 578 are 
connected between the noninverting input of opera 
tional ampli?er 542 and the reference voltage V3. The 
drain and source terminals of transistor 580 are con 
nected between a node 584 and a reference voltage V5. 
The drain and source terminals of transistor 590 are 
connected between node 540 and node 584. 
A capacitor 588 has a ?rst terminal thereof connected 

to the noninverting input of operational ampli?er 542 
and the second terminal thereof connected to node 584. 
The output of NAND gate 572 is connected to the 

gate terminals of transistors 580, 582 and 550. The drain 
and source terminals of transistor 580 are connected 
between node 584 and reference voltage V3. The drain 
and source terminals of transistor 582 are connected 
together to the noninverting input of operational ampli 
?er 542. 
The row integrator 64 functions essentially as a 

switched capacitor integrator wherein charge is stored 
on either capacitor 562 or the combination of capacitors 
560 and 562 and provided operational ampli?er 542. 
The incremental addition of charge to capacitor 546 
serves to step the voltage at the output of operational 
ampli?er 542. The rate and polarity of the incremental 
steps are changed in response to the SLOPE SIGN and 
SLOPE RATE signals to produce the synthesized tone 
signal shown in FIG. 2. 
The column integrator 92 is structurally the same as 

the row integrator 64 and produces a corresponding 
columm tone signal which corresponds to the selected 
one of the columns. 
The summing circuit 68 illustrated in FIG. 1 is shown 

in a detailed schematic diagram in FIG. 14. The row 
tone signal is transmitted through a resistor 600 to the 
inverting input of an operational ampli?er 602. The 
column tone signal is transmitted through a resistor 604 
also to the inverting input of operational ampli?er 602. 
A feedback resistor 606 is connected between the out 
put of operational ampli?er 602 and the inverting input 
thereof. The noninverting input of operational ampli?er 
602 is connected to the center terminal of a programma 
ble bias adjust node 608 which is fabricated to meet the 
requirements of individual customers. The resistive 
terminals of node 608 are connected between V+ and 
the reference voltage V E. The output signal from opera 
tional ampli?er 602 is a summation of the row and col 
umn tone signals produced by the respective row and 
column integrators. This constitutes the dual tone signal 
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which is produced in response to the depression of a 
selected key on a keyboard which supplies the inputs to 
the row and column keyboard scan circuit 42 and 44. 
The dual tone signal produced by operational ampli 

?er 602 is transmitted to the base terminal of transistor 
100 which has the source terminal thereof connected to 
the output terminal 102 of circuit 10. 
The row and column signals are summed at the non 

inverting input terminal of operational ampli?er 602 
and a DC bias for the dual tone signal is selected by the 
programmable bias adjustment node 608. 
The operation of the circuit 10 has been described in 

general in reference to FIG. 1. Speci?c functional 
blocks with FIG. 1 will now be described in greater 
operational detail. 
The circuit of the present invention produces dual 

tone signals in accordance with the standards of the 
telephone industry. The standard DTMF tone frequen 
cies are listed in Table l. The single tones produced 
with the circuit of the present invention are listed in 
Table l where the reference oscillator produces a signal 
at a frequency of 3.579543 MHZ. The four row frequen 
cies, f1-f4, are produced by the row fundamental 
counter 48 and the four column frequencies, f5-fg, are 
produced by the column fundamental counter 76. For 
each of the row and column fundamental frequencies of 
the present invention there is produced a corresponding 
integration frequency which is also listed in Table l. 
The row integration frequencies are produced by the 
row integrator counter 50 and the column integration 
frequencies are produced by the column integrator 
counter 78. 
The row fundamental counter 48 shown in FIG. 3 

functions as a countdown circuit which receives the (#3 
signal and from this reference signal produces funda 
mental frequencies which are used to generate the row 
tone signals are listed in Table l. The column funda 
mental counter 76 functions in the same manner to pro 
duce column fundamental signals which are used to 
generate the column tone signals shown in Table I. In 
the selected embodiment of the present invention the 
fundamental frequency signals are at a rate eight times 
that of the tone signal produced therefrom. 
The integration frequency rate signal for the row 

lines is produced by the row integrator counter 50 
which is shown in FIG. 8. This circuit receives the ¢A 
reference signal together with input signals which de 
?ne the selected row. From these inputs the circuit 50 
produces the four row integration frequencies listed in 
Table l. The column integrator counter 78 functions in 
a similar mannerand receives the column input signals 
to produce the four column integration frequency rate 
signals shown in Table l. The integration rate signals 
need not be exact multiple frequencies of the tone sig 
nals produced therefrom. 
The specialized clock signals used by the row integra 

tor 64 are produced by the row fundamental clock 
generator 58 which is shown in FIG. 10. The special 
ized clock signals are shown in FIG. 11. 
The column fundamental clock generator 82 func 

tions in a similar manner to produce specialized clock 
signals for the column integrator 92. 
The row integrator 64 produces the four synthesized 

tone signals at the rates listed in Table 1. Circuit 64 
functions essentially as a switched capacitor integrator. 
Referring to FIGS. 11 and 13 the small amplitude incre 
mental steps are produced when capacitor 562 is 
charged and‘ capacitor 560 is isolated from capacitor 
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562. Capacitor 560 is disconnected by operation of the 
SLOPE RATE signal which serves to render conduc 
tive or nonconductive transistor 558. The SLOPE 
RATE signal drives transistor 558 conductive to place 
capacitor 560 in parallel with capacitor 562 so as to 
provide greater charge increments into capacitor 546. 
The transistors 534 and 538 are switched on and off 

alternately at the integration rate frequency to charge 
the capacitors 560 and 562 and then to connect the 
charge stored thereon to the operational ampli?er 542. 
When the transistor 538 is rendered conductive the 
inverting input of the operational amplifier receives a 
signal which causes capacitor 546 to be further charged 
and thus provided another step in the integration pro 
cess. The operational ampli?er 542 rapidly balances the 
charges on the input and output terminals to formthe 
steps in the integration process. 
The slope of the integration process is determined by 

the SLOPE SIGN signal which is connected to alter 
nately drive transistors 528 and 530 which are respec 
tively connected to the VA and Vc reference voltages. 
The output of the operational ampli?er 542 is generated 
relative to the VB reference signal. When the transistor 
530 is rendered conductive the capacitors 560 and 562 
receive the VA reference signal which provides nega 
tive integration increments. But when transistor 528 is 
rendered conductive, the capacitors 560 and 562 or just 
capacitor 562 receive the reference signal V(; which 
drives the output at positive incremental steps. 
At the end of each cycle, it is desired to reset the tone 

signal to a zero reference to prevent the operational 
ampli?er 542 from drifting. This is accomplished by the 
transistor 548 being driven conductive in response to 
the AUTO ZERO signal. When transistor 548 is turned 
on, the capacitor 546 is shorted and the output of the 
operational ampli?er 542 is driven in a zero reference. 
The transistor 550 serves to provide charge cancella 

tion to node 540. 
The offset voltage of operational ampli?er 542 is 

accommodated by the charging of capacitor 588. Dur 
ing the AUTO ZERO active state, the output terminal 
and inverting input terminal of the operational ampli?er 
542 are shorter and the capacitor 588 is connected di 
rectly across the input terminals of the operational am 
pli?er when transistor 590 is rendered conductive by 
the auto zero signal. Under this circuit con?guration the 
capacitor 588 is charged to the offset voltage of opera 
tional ampli?er 542. After the AUTO ZERO active 
state has been completed the capacitor 588 is connected 
in series with the reference voltage V3 to provide the 
appropriate offset bias for the operational ampli?er 
thereby eliminating offset bias from the output of ampli 
?er 542. 
Although one embodiment of the invention has been 

illustrated in the accompanying drawings and described 
in the foregoing Detailed Description, it will be under 
stood that the invention is not limited to the embodi 
ment disclosed, but is capable of numerous rearrange 
ments, modi?cations and substitutions without depart 
ing from the scope of the invention. 

I claim: 
1. A circuit to compensate for the offset voltage of an 

operational ampli?er, comprising: 
means for connecting the output terminal of said 

ampli?er to a ?rst of the input terminals; 
a capacitor having a ?rst terminal thereof connected 

to the second input terminal of said ampli?er; 
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means for connecting the second terminal of said 
capacitor to said ?rst input terminal when said 
output terminal and said ?rst terminal are con 

nected; and 
means for connecting said second terminal of said 

capacitor to a reference node when said output 
terminal is not connected to said ?rst terminal, said 
capacitor charged to provide at said second input 
terminal an offset compensating voltage for said 
ampli?er. 

2. The circuit recited to claim 1 further including 
means for connecting the ?rst terminal of said capacitor 
to said reference node when said output terminal is 
connected to said ?rst input terminal. 

3. The circuit recited in claim 1 wherein said ?rst 
input terminal is an inverting input of said ampli?er and 
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said second input terinal is a noninverting input of said 
ampli?er. 

4. A method to compensate an operational ampli?er 
for the offset voltage thereof, comprising the steps of: 

selectively connecting the output terminal of the 
ampli?er to a ?rst of the input terminals; 

connecting the ?rst terminal of a capacitor to the 
second input terminal of said ampli?er; 

connecting the second terminal of said capacitor to 
said ?rst input terminal when said output terminal 
and said ?rst terminal of said ampli?er are con 
nected; and 

connecting said second terminal of said capacitor to a 
reference node when said output terminal is not 
connected to said ?rst terminal wherein said capac~ 
itor is charged to provide an offset compensating 
voltage for the ampli?er at said second input termi 
nal. 

* 1i * * 1.! 


